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ABSTRACT

The Department of M crobiology at Oregon State University with funding
fromthe Bonneville Power Adm nistration conducted a study relating to the
epi dem ol ogy and control of three fish diseases of salnonids in the Colunbia
River Basin. These three diseases were ceratonyxosis which is caused by the

nyxosporidan parasite Ceratonyxa shasta, bacterial kidney disease, the

etiol ogi cal agent of which is Renibacterium sal noninarum and infectious

hemat opoi etic necrosis, which is caused by a rhabdovirus. Each of these
di seases is highly destructive and difficult or inpossible to treat with
antimcrobial agents.

The presence of ceratomyxosis in rainbow trout exposed at MNary and
Littl e Goose Dans extends the range of this disease about 200 niles further up
the Colunbia River and into the Snake River drainage. Wllowa steel head trout
were less resistant to this disease than other upriver stocks tested
Juvenil e sal nonids entering the Colunmbia River estuary were collected
periodically between May to September, 1983. N ne percent of the beach seined
chi nook sal non and 5, 11 and 12 percent, respectively, of the purse seined
coho and chi nook sal non and steel head trout were infected with Ceratonyxa
shasta. Experinents indicated ceratomyxosis progresses in salt water at the
same rate as in fresh water once the fish have becone infected. This data
sunmmari zed, indicates a |longer exposure to infective stages of C. shasta than
previously identified and that approximtely 10% of the migrating sal nonids
are infected and will probably die fromthis organism after entering salt
wat er .

Since sanpling began in 1981 the bacterial kidney disease organism

Reni bacteri um sal noni narum has been detected by the fluorescent antibody test




in seven salnmonid species caught in the open ocean off the coasts of
Washington and Oregon. The bacterium has been found primarily in chinook
salnon (11% with lesions in 2.5% of these fish. This disease was al so
detected at levels ranging from17%in coho salmon to 25% in chinook sal non
seined from the Colunmbia River just before entering the estuary.
Interpretation of these nunbers suggests an even greater econom c inpact on
Col umbi a River salnmonid stocks than that proposed for C. shasta. Fertilized
eggs from bacterial kidney disease infected parents exam ned after one nonth
of incubation revealed the presence of bacteria with identical norphology to

R salmoninarumon or in the egg wall further reinforcing the proposed

vertical transmssion of this disease organism

I nfectious hemat opoi etic necrosis virus was recovered at the 67% | evel
from seeded water samples supplenmented with 1% fetal calf serum  Virus
injected into unfertilized eggs survived for over two weeks; in eyed eggs the
virus also replicated. Epizootics caused by IHNV occurred in two of the 8
separate groups of steelhead trout fingerlings held in LJV treated water at
Round Butte Hatchery. Conparing these results to those in the vertical
transm ssion experiment where none of the groups devel oped |IHNV suggests that
vertical transmission of IHNV, if it occurs, is a very infrequent or random
event. On three occasions IH\V was detected in ovarian fluid sanples after
storage for 6-9 days at 4°C. No virus had been detected in these sanples at
spawni ng.  This suggests the presence of an interfering substance, perhaps
anti-1HNV antibody in ovarian fluid. This observation raises the possibility
that IHNV is nmuch nore w despread throughout Col unbia River Basin sal nonid

stocks than previously believed.
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[ NTRODUCT! ON

I nfectious diseases are responsible for severe | osses in Colunbia River
Basin sal nonids. Successful propagation and enhancement of this fisheries
resource requires control of these diseases. This study focuses on three

serious fish pathogens: Ceratonyxa shasta, Renibacterium sal noni narum and

infectious hematopoietic necrosis virus. Know edge gained will be useful in
devel opi ng control measures for these pathogens and the application of these
ideas will be of direct benefit in the successful rehabilitation of sal non

stocks in the Colunbia R ver Basin.

Ceratonyxa shat a

Cer atonyxa shasta, a nyxosporidan parasite of salnmonid fish, is present

in the Colunbia River systemand is devastating to certain stocks of fish
(Sanders et al., 1970). Currently, the infectious stage of this histozoic
parasite is known to exist in the nainstreamof the Colunbia River to the
confluence with the Deschutes River. Tributary streams of the Colunbia River
also with the infectious stage are the Deschutes, Cowitz and Wl lanmette
Rivers and Lacamas Creek and Lake (Johnson et al., 1979). Many areas in the
Col unbi a Basin have not been exam ned for the infectious stage of C. shasta
and changing environmental conditions within the basin may have extended the
geographi c range of the parasite. It would be valuable to know the exact
range of C. shasta, especially to determine if infection can occur in
tributaries where hatcheries exist or are being considered.

The inpact of ceratonyxosis on anadronous fish entering salt water from

the Columbia River is not understood. Fish infected with C. shasta in fresh



wat er may have a reduced level of survival in the ocean. To understand the
total inpact of this disease, it is necessary to define its effect on fish not
only as they migrate through fresh water but also as they enter the marine
envi ronment .

Presently, there is no effective therapy for ceratonyxosis, but there is
consi derabl e evi dence the di sease can be controlled using C. shasta resistant
stocks of fish (Zinn et al., 1977; Buchanan et al., 1983). To use this
procedure, it is necessary to determne the resistance of fish stocks being
rear ed.

The nature of the infectious stage of C. shasta, |ike nost other
myxosporidan parasites, is not known. Research concerning this parasite has
been i npeded because internedi ate hosts and/or the infectious stage have not
been descri bed. Recently, there have been advances in the determ nation of

these parts of the life history of Myxosoma cerebralis, another nyxosporidan

infecting salmonid fish (WIlf and Markiw, 1984). Knowing the nature of the
infectious stage of C shasta would greatly facilitate research on the host-
parasite relationship of this pathogen and give val uable information
concerning effective control of the disease

Materials and Methods

Experinmental Animals

Cer atonyxa shasta susceptible rainbow trout (Salm gairdneri) were

obtai ned from Gak Springs and Roaring River Hatcheries and held at the O egon
State University Fish Disease Laboratory (OSU-FDL) or the Round Butte Hatchery

Isolation Facility (RBHIF). Both these facilities are supplied with water



which is free of fish pathogens. Salnmonid stocks to be tested for resistance
to ceratonyxosis were obtained from Oregon Department of Fish and Wldlife
hatcheries. Al stocks were transferred to and held at the OSU-FDL prior to,
and after, exposure to the infective stage of C. shasta.

In 1983 salnonid snolts exposed to C. shasta during their migration down
the Colunbia River were obtained fromcollection facilities operated by the
Nati onal Marine Fisheries Service at Jones Beach (RKm 75) on the Col unbia
River. These fish were transported to the RBHIF and held in 3-ft circul ar
tanks (10°C) for 180 days. Fish that died within 10 days after arrival at

RBH I F were considered handling nortality and not included in the results.

Exposure to Ceratonyxa shasta

Prior to possible exposure to the infectious stage of C. shasta all
groups of fish were fed for two weeks a Oregon Miist Pellet diet containing 3%
terramycin in the formof TM6 (Pfizer) as a prophylactic neasure against
bacterial fish pathogens (Udey et al., 1975). Feeding with this medicated
diet resumed when the fish were returned to the laboratory after exposure.

Al groups of fish were exposed in 0.074-m cylindrical alum num
| iveboxes placed at selected |ocations. Exposure periods were seven days for
rai nbow trout used in the distribution studies during 1983. In 1984 these
studies were repeated using a 14 day exposure. After exposure, all fish were
transported to either the OSU-FDL or RBHIF and held until term nation 100-150
days later. The water tenperatures at the OSU-FDL and RBHIF are a constant
12 and ICC respectively.

Al groups used in the stock resistance portion of this study were

exposed five days to the infectious stage of C. shasta in the Wllanette River
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near Corvallis, Oegon. After exposure these fish were returned to the OSU-
FDL and held until termination 100 days later. Fish fromseveral salnonid
stocks were also transported to the Marine Science Center Fish Disease

Laboratory (MSC-FDL) after C. shasta exposure and held in salt water.

Detection of Ceratonyxa shasta

Dead fish were collected daily, and either necropsied fresh or frozen for
|ater examnation. At ternmination of each experinent all surviving fish were
killed and examined for C. shasta. Wt mounts of intestinal scrapings were
exam ned mnicroscopically (400X magnification) and preparations containing

spores of C. shasta were considered infected.

Spore Purification and Antisera Production

Spores of C. shasta were obtained by renoving intestinal materials from
infected fish. These preparations were placed on a 10-55% sucrose gradient
| ayered over 70% sucrose and centrifuged using a sw nging bucket rotor at 1731
x g for 45 min. Spore-containing layers collected were further purified by
additional gradient preparations. Spores were washed repeatedly in phosphate
buffered saline (pH 7.2, PBS) and stored in PBS.

Rabbit anti-C. shasta serumwas prepared by injecting purified spore
preparations which had been broken by 15,000 psi in a French pressure cell and
emulsified in Freund's conplete adjuvant. Each rabbit received 2 x 107 spores
divided equally into the hind foot pads and subcutaneously in the
intrascapul ar region. Antibody containing serum was harvested 4-6 weeks after

admnistration and the immnoglobulins partially purified and fluorescein

| abel | ed as described by Banner et al. (1982).

11



Concentration of Ceratonyxa shasta Infective Stage

Water (up to 200 liters per experinent) from sources containing the
infectious stage of C. shasta as shown by infections produced in susceptible
fish, was differentially filtered using a nmolecular filtration unit (Pellicon
cassette system MIllipore Corp., Bedford, MA) with a pore size of 0.45 um.
Materials concentrated by this procedure were intraperitoneally injected and
i ntroduced into the stomach of susceptible rainbow trout and examined with the

anti-C. shasta fluorescent antibody conjugate (FAT).

Exposure of QO igochaetes to Ceratonyxa shasta Spores

The ol i gochaete Tubifex was examned as a possible internediate host for
C. Shasta. They were collected froma water source that was negative for the
infective stage of C. Shasta and naintained in 68 |iter tanks containing a
sterile sand substrate with 12°C runing water. Infected viscera and spores of
C. shasta were added to the tanks. After three months, susceptible rainbow
trout were introduced into the tanks and observed for nortalities resulting

from transmi ssion of ceratonyxosis.

Results and Di scussion

Geogr aphi ¢ Range of Ceratonyxa shasta in the Colunbia R ver Basin

In 1983 fish were exposed at selected sites on the Colunbia River for a

period of seven days in June and Septenber (Table 1). Infections caused by C.

12



Table 1. Incidence of Ceratomyxa shasta in susceptible rainbow trout (Salmo gairdneri) exposed
at selected dams in the Columbia River Basin during June and September 19831 and during

June 19842
Location and Number of fish Number of fish infected Percent of fish infected
time of exposure recovered3 with Ceratomyxa Shasta4 with Ceratomyxa shasta

Columbia River
Bonneville Dam
June 1984 25 4 16

Dalles Dam

June 1983 56 0
Sept. 1983 50 0 0
June 1984 48 25 52

John Day Dam

June 1983 59 0
Sept. 1983 50
June 1984 40

McNary Dam
June 1983 58
Sept. 1983 50 0
June 1984 87

Priest Rapids Dam
June 1984 55 0 0

Snake River
Ice Harbor Dam

June 1983 50 0 0

Little Goose Dan
June 1984 93 1 1

Deschutes River

Pelton Dam
Sept. 19835 96 28 29
June 1984 51 23 45

1. In 1983, groups were exposed for 7 days.

2. In 1984, groups were exposed for 14 days.

3. Number of fish exposed minus handling mortalities.

4. All experimental groups were terminated and examined 120 days after initial exposure.

5. This group was exposed for 23 days.

13



shasta were found at a 5%l evel in fish exposed during June at McNary Dam
Infections were also found at a 29% | evel in fish exposed at Pelton Damon the
Deschutes River as a positive control. The disease was not found in fish
exposed at the Dalles and John Day Dans on the Colunbia River, or at Ice

Har bor Dam on the Snake River during either exposure period.

During 1984 the exposure period was increased to 14 days. Again,
infections were found at Pelton and McNary Dans during June at |evels of 45%
and 5.7% respectively. Infections were also found at a 16% | evel at
Bonneville Dam and at a 52% level at the Dalles Dam on the Colunbia River,
and at a 1.1% level at Little Goose Dam on the Shake River. The disease was
not found at John Day or Priest Rapids Dams on the Colunbia River (Table 1).

Suscepti bl e rai nbow trout were exposed in four tributaries of the
Col unbia River in 1983 (Table 2). Infections caused by C. shasta were not
found in fish recovered from any of these sites.

The presence of infection at McNary Damin 1983 and 1984 extends the
range of the infectious stage of C._ shasta in the Colunbia River about 100
mles up-river. Finding the disease at Little Goose Damin 1984 extends the
range approxinmately 100 niles beyond that point, into the Snake River
drai nage. These observations greatly extend the range of C. shasta fromthat
proposed by Johnson et al. (1979) in which the infectious stage was believed

to enter the Colunbia R ver from the Deschutes River.

Preval ence of Ceratonyxa shasta in Colunbia River Sal nonids

To test the resistance of Colunbia R ver stocks of salnmonids to infection
by C. shasta, six hatchery stocks of salnonids were exposed in an area of the

WIllamette River known to harbor the infectious stage (Table 3). Qak Springs

14



Table 2. Incidence of Ceratomyxa shasta susceptible rainbow trout (Salmo gairdneri) exposed for
seven days in Columbia River tributaries during July and August 1983.

Number of fish Number of fish infected Percent of Fish Infected
Location recovered?! with Ceratomyxa shasta2 with Ceratomyxa shasta
Lookingglass Creek 33 0 0
Grande Rhonde River 18 0 0
Wallowa River 58 0 0
Imnaha River 28 0 0

1. Number of fish exposed minus holding mortalities.

2. All experimental groups were terminated and examined 120 days after initial exposure.

15



Table 3. Susceptibility of salmonid stocks exposed for five days to the infectious stage of
Ceratomyxa shasta in the Willamette River.

Number of fish Number of fish Infected Percent of fish infected
Salmonid Stock recovered?! with Ceratomyxa shasta? with Ceratomyxa shasta
August 1983 exposures
Rainbow trout
Oak Springs 38 28 74
Chinook salmon
Carson 20 0 0
Imnaha 43 1 2
Lookingglass 49 1 2
Coho salmon
Sandy River# 25 0 0
Steelhead trout
Wallowa 47 5 11
September 1983 exposures
Rainbow trout
Oak Springs 43 31 73
Chinook salmon
Upriver Brights 56 1 2
Steelhead trout
Imnaha 49 2

1. Number of fish exposed minus handling mortalities.

2. All experimental qroups were terminated and examined at 120 days after initial exposure.

3. Positive control.

4. Negative control

16



rai nbow trout were used as a positive control because of their susceptibility
to infection, and Sandy River coho sal non were used as a negative contro
because of their resistance. Four stocks of upriver chinook salnmon, the
Carson, Imaha, Lookingglass, and upriver brights and one stock of upriver
steel head trout fromthe Imaha all proved highly resistant, with |evels of
infection not exceeding 2% The other upriver steelhead trout stock from the
Wl l owa River was nore susceptible to ceratonyxosis with a 11% | evel of
i nfection.

Sal monid snmolts were collected periodically by beach and purse seines
fromthe |ower Colunmbia R ver between May 20 and Septenber 8, 1983

Ceratonyxa shasta was present at levels ranging from1l to 24%in those chi nook

sal mon caught by beach seine (Table 4). Five percent or less of those

col l ected during May and June contained spores of C. shasta; in contrast, five

of the six groups fromJuly through Septenber had infectious rates of 12 to
24% Infections at levels ranging fromb5 to 33% were found in fish from 10 of
the 11 groups of chinook salnon caught by purse seine (Table 5). Smaller
nunbers of steel head trout and coho sal non were taken; 12 and 5%

respectively, of these species were infected (Tables 6 and 7)

While many of the upriver salnonids are considered resistant or only
slightly susceptible to infection, these conclusions were drawn from
experinents where the exposure period ranged from 3-7 days. Longer exposure
periods may result in a higher preval ence of infection as suggested by results
from smolts seined out of the lower Colunmbia River. Extension of the known
range of the infective stage of C shasta to Little Goose Damon the Snake
Ri ver al so neans upriver salnonids are exposed to this disease agent for a
much longer period than prevliously recognized. Dawley et al. (1984)

calculated that during 1983 the average migration rate for yearling chinook

17



Table 4. Prevalence of Ceratomyxa shasta in chinook salmon (Oncorhynchus
tshawytscha) smolts beach seined from the Columbia River (RKm75) and
held 180 days at Round Butte Hatchery Isolation Facilityl.

Percent of

Date Mortalities fish collected
collected Number Holding infected with infected with
(1983) Collected Mortalities C. shasta Lshasta2
May 20 91 3 3 3
27 81 1 1
June 3 75 8 2 3
10 53 1 1 2
17 65 36 3 5
24 130 21 3 2
July 1 113 24 17 15
15 141 46 17 12
29 68 33 2 3
Aug. 12 109 36 13 12
26 34 20 8 24
Sept. 8 112 39 25 22
Totals 1072 273 95 8.9

1. Held in 3-ft. circular tanks at a constant water temperature of 10°C.

2. All fish alive at termination were examined and none were infected with
Ceratomyxa shasta

18



Table 5. Prevalence of Ceratomyxa shasta in chinook salmon (Qncorhynchus
tshawytscha) smolts purse seined from the Columbia River (RKm 75) and
held 180 days at Round Butte Hatchery Isolation Facilityl.

Percent of

Date Mortalities fish collected
collected Number Holding infected with infected with
(1983) collected mortalities C. shasta C. shasta?
May 20 9 5 3 33
27 37 6 2 5
June 10 58 17 0 0
17 47 18 4 9
24 98 25 8 8
July 1 128 46 21 16
15 43 38 5 12
29 47 33 11 23
Aug. 12 47 45 4 9
26 21 18 1 5
Sept. 8 14 12 2 14
Totals 549 263 61 11.1

I. Held in 3-ft. circular tanks at a constant water temperature of 10°C.

2. All fish alive at termination were examined and none were infected with
Ceratomyxa shasta.
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Table 6. Prevalence of Ceratomyxa shasta in coho salmon (Oncorhynchus kisutch)
smolts purse seined from the Colunbia River (RKm75) and held 180 days at
Round Butte Hatchery lIsolation Facilityl.

Percent of
Date Mortalities fish collected
collected Number Holding infected with infected with
(1963) Collected Mortalities C. shasta C. shasta?
May 20 82 13 4
27 38 4 3
June 3 23 1 0 0
10 5 4 1 20
17 15 2 0 0
24 12 2 1 8
July 1 1 0 0 0
15 1 0 0
Aug. 26 2 0 0 0
Totals 179 26 9 5.0

1. Held in 3-ft circular tanks at a constant water temperature of 10°C

2. All fish alive at termination were examined and none were infected with
Ceratomyxa shasta.
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Table 7. Prevalence of Ceratomyxa shasta in steelhead trout (Salmo gairdneri)
smolts purse seined from the Colunbia River (RKm75) and held 180 days at
Round Butte Hatchery Isolation Facilityl.

Percent of

Date Mortalities fish collected
collected Number Holding infected with infected with
(1983) collected mortalities C. shasta C. shasta?
May 20 11 5 2 18
27 13 4 0 0
June 3 45 13 6 13
10 4 2 0 0
24 1 1 1 100
July 1 1 1 0 0
Totals 75 26 9 12.0

1. Held in 3-ft. circular tanks at a constant water temperature of 10°C

2. All fish alive at termination were examined and none were infected with
Ceratomyxa shasta.
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sal non and steel head trout was 18 and 35 Kmiday in the Colunmbia River. This
neans that the exposure period for these fish to C. shasta infective stages
while mgrating fromLittle Goose Damto the Colunbia River Bar would be 35
and 18 days, respectively.

Chi nook sal non purse seined from the lower Colunmbia River were primrily
yearlings, many of which would have cane from these upriver |ocations. The
11% infection rate in these fish suggests the 2% |l evel of infection fromthe
four upriver chinook salmon stocks may underestinmate the preval ence of
ceratonyxosis in mgrating salnmnids. Simlar conclusions can be made with
the small nunbers of steelhead trout collected. Coho salmon cone chiefly from
| ower Col unbia River |locations giving them|ess exposure to the infective

stage as the 5% |l evel of infection suggests.

Ef fects of Salt Water on Fish Infected with Ceratonyxa shasta

Al sea steel head trout and Big Creek coho sal non were exposed to the
infectious stage of C. shasta in the Wllanette River for three days. Half of
each group were then transferred to salt water and half were held in fresh
water. O the Alsea steelhead trout 100% of those held in fresh water died of
C. Shasta, and 88% of those transferred to salt water died of ceratonyxosis.
None of the Big Creek coho salnon transferred to salt water died of C. shasta
and only one fish held in fresh water devel oped spores, and these spores were
found in a nuscle lesion rather than in the intestinal tract.

Thus Al sea steel head trout snolts exposed to the Infectious stage of C
shasta and held in salt water died at a sinmilar rate as their counterparts
held in fresh water, and Big Creek coho salnon held in either salt water or

fresh water follow ng exposure, were resistant to the disease. This indicates

22



that disease progress continues in salt water the sanme as in fresh water once
the fish has become infected, and that fish which are resistant to the disease
if they remain in fresh water will not develop an infection when they enter
salt water. This is inportant in formng a nodel of infection for mgrating

sal noni ds.

Investigation into the Nature of the Infectious Stage of Ceratonyxa shasta

Antisera to C. shasta was |abelled and evaluated for fluorescence and
specificity. Snmears of whole spores were used in evaluating fluorescence,
whi ch proved adequate for diagnosis. However when snears of river water
seeded with spores were exanined, the antisera was not sufficiently specific
to differentiate between spores and non-spore material. Because one of the
intended purposes of developing antisera to C. shasta was to identify prespore
stages, specificity is inportant. To develop nore specific antisera,
alternate regimes for injection of spores into rabbits wll be exam ned, along
with the devel opment of different spore preparations for injection.

Water was differentially filtered and examned for the presence of C.
shasta using fluorescent antibody techniques and bright |ight nicroscopy. Two
spores of the parasite were found in sanples of filtered water, which is the
first report of a spore being isolated from a natural water supply.
Susceptible salnonids were also exposed to portions of this concentrate.

Cer at onyxa shasta infections devel oped in fish exposed to two separate

sanpl es, showing that the infectious agent survives the filtration and
concentration methods.
The technique of micronmanipulation is also being used in conjunction with

mol ecular filtration and concentration to isolate single cells which can be
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injected into fish. In addition to injecting single organisms, whole sanples
of the concentrate are being injected and administered directly into the
stomach of test fish. W hope that by conbining nolecular filtration and
concentration with fluorescent antibody techniques and m cromanipulation we
may discover the nature of the infectious stage of C. Shasta.

The presence of an internediate host in the life cycle of C shasta has
been suggested. Because Tubifex has been inplicated in the life cycle of the

nyxosporidan Myxosoma cerebralis (WIf and Markiw, 1983), we decided to

examine its role in the infectivity of C. shasta Tubifex were incubated wth

infected viscera and spores of C. shasta for three nonths.  Susceptible fish
were then exposed to the Tubifex. No infections devel oped over a nine nonth
exposure period, so it appears that Tubifex does not play the sane role in the
life cycle of C. shasta that it does in the life cycle of M cerebralis.
experiment is currently being repeated with some nodifications. In addition

to exposing fish to Tubifex which have been incubated with spores, the water
above the oligochaetes will be exanmined for any free-living organisns that may

have been shed, and the Tubifex thenselves will be exam ned.
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Reni bact eri um sal noni narum

Reni bacterium sal noninarum the causative agent of bacterial kidney

di sease (BKD) of salmonid fish, is wdespread anong hatchery reared fish
(Fryer and Sanders, 1981). The disease is recognized as one of the ngjor
bacterial infections of salmn and problems caused by BKD extend throughout
hatcheries which are operated in the Colunbia River Basin. The disease is
responsi ble for chronic nortality during the fresh water stage of the fishes'
life cycle. Recent data indicate that nortality continues, perhaps at a
higher rate, when fish enter salt water (Banner et al., 1983). Mich of the
mortality of salmon in the ocean could be a result of BKD, a disease
contracted in fresh water. It is inmportant to denonstrate the incidence of
this disease anong popul ations of salnmonids and deternine its effect on the
animals as they enter sea water.

The disease is particularly severe because, at present, there are no
effective nethods for its control. The organism occurs intracellularly and
therefore resists treatment by chenotherapeutants. The fornul ation of
effective control methods is predicated upon understanding the organism its
pat hogenesis, and especially the methods of its transmission. Because the
organismis not easily conbated after infection occurs, nethods of control

depend on know edge concerning transmission of R sal noni narum

Al'though it has been generally accepted that there is only one antigenic

type of R salmoninarum (Bullock et al., 1974), there has been limted

experimentation done to conpare strains of this organism antigenically.
Unpubl i shed observations indicate there may be nore than one antigenic type
and that cross reactions may occur with bacteria from other genera. These

observations have inplications on vaccine devel opnent and on serol ogical
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met hods used for disease diagnosis. Conparisons of antigenic conposition are
necessary to ensure that efficacious vaccines m ght be devel oped and that

accurate disease diagnosis be nade.

Materials and Met hods

Experinmental animals

Sal nonids of different year classes were purse seined from the ocean off
the coast of Washington and Oregon as part of a project conducted by the
School of Cceanography at Oregon State University. About 3000 individual fish
have been coll ected during the May through Septenber sanpling periods from
1981 through 1983. The same sal nonids collected fromthe Jones Beach sanpling
area and transported to RBHIF as part of the C. shasta survey were al so

exanmined for R salnmoninarum infections. As with the C. shasta results, all

fish that died within 10 days after arrival were considered handling deaths

and not included in the data.

Eggs from R sal noni naruminfected, spawning chinook salnon were
fertilized, incubated and hatched at the CSU-FDL. These eggs and resulting

fry were examned for R salmoninarum by FAT at selected intervals during

devel opnent.

Antisera Production and Fl uorescent Labelling

Rabbit anti-R sal noni narum was prepared by injecting 10 bacterial cells

emul sified in Freund's conpl ete adjuvant (1:1). Equal volumes (0.2 m) were

injected into each hind foot pad and subcutaneously in the intrascapul ar
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region. Antibody containing serumwas harvested 30 days later and the
i mmunogl obulins partially purified and fluorescein |abelled as described by

Banner et al. (1982).

Producti on of Mnocl onal Anti bodies

A nodification of the nethod described by O and Herzenberg (1980) was

used to produce hybridomas secreting antibody against three strains of R

sal moni nar um Strains used were Lea-1-74 ATCC 3320gT, RB-1-73 and K-50.

Briefly, |ynphocytes harvested frommce i munized with R sal moni narum were

fused with SP2 nouse nyeloma cells in medium containing polyethylene glycol.
After incubation in selective nmedium each well of the tissue culture plate

containing visible hybridoma colonies was tested for anti-R sal moni narum

antibody. Hybridoma cultures producing the desired antibody were expanded to

be frozen in storage or cloned.

Enzynme-1inked |munosorbent Assay (ELISA)

Initially the indirect ELISA described by Voller et al. (1979) was used

to screen for hybridomas producing anti-R sal noninarum antibody. To increase

sensitivity and obtain consistent results different ELISA assay procedures

were tested. For this reason the double-sandwi ch indirect ELISA described by

Mondal I al et al. (1984) was adopted. Renibacterium sal noninarum cells were

attached to 96-well polystyrene mcrotiter plates (Inmmulon) which were

previously washed with rabbit anti-R sal noninarum antibody. Test serum or

supernatant from cultures containing a hybridoma was added to the wells then

incubated with peroxidase-conjugated anti-nouse antibody. A positive culture
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was detected by a visible color reaction follow ng addition of O0-phenylene

di am ne substrate.

Results and Discussion

Preval ence of BKD in Ocean and Col unbia River Sal nonids

Ki dney smears taken from salnonids captured in the open ocean off the

coasts of Oregon and Washington were examined by PAT for presence of R_

sal noni narum (Table 8). Since sanpling began in 1981 positive kidney snears

have been obtained from seven salnonid species. Mre than 11% of the chi nook
sal non caught have been infected and, in addition, BKD |lesions have been seen
in 2.5%of these fish and several have appeared unhealthy at capture. Lesions
of BKD were also seen in a small nunber (0.3% of the coho sal mon captured.

Significant levels of R salnoninarum were also detected in snmolts seined

fromthe Colunbia River just prior to their entering the estuary. Wth the
beach seined chinook salnmon 41% of the nortalities that occurred during the
180 day holding period were infected with BKD, however, had the hol ding period
been only 100 days 80% of the nortalities would have been infected with BKD
(Table 9). Simlarily with the purse seined chinook salnmon, 71% of the
nortalities were positive for BKD at 100 days (Table 10). Results with the
coho sal non and steel head trout followed a simlar pattern (Tables 11 and 12).
The disease incidence varied wdely between groups; for example, no BKD
was detected in any of the 53 beach seined chinook salnon on June 10. This
contrasts to a 57% level in the 65 fish collected on June 17 (Table 9).
Correlation of those data with hatchery releases and ocean survival could

yield valuabl e information about the effect of BKD on a given sal nonid
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Table 8. Prevalence of Renibacteriun salmoninarum in juvenile salmonids captured in the ocean
off the coasts of Washington and Oregon from 1981 through 1983.
Number Percent fish
Number Percent fish with with bacterial
Salmonid Number infected with infected with kidney disease kidney disease
Species examined R. salmoninarum R. salmoninarum lesions lesions
Chinook salmon 721 80 11.1 18 2.5
Chum salmon 197 6 3.0 0 0
Coho salmon 1882 56 3.0 6 0.3
Pink salmon 15 2 13.3 0 0
Sockeye salmon 24 1 4.2 0 0
Cutthroat trout 95 1 1.0 0 0
Steelhead trout 91 3 3.3 0 0

1. All fish were examined for

Renibacteriun salmoninarum by FAT.
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Table 9. Prevalence of Renibacterium salmoninarum in chinook salmon (Oncorhynchus tshawytscha) smolts beach seined from the Columbia
River (RKm75) and held 180 days at Round Butte Hatchery Isolation Facilityl.
Survivors
Percent after 180 days Number Percent Prevalence of
Mortalities mortalities holding at survivors survivors R. salmoninarum
Date Number Holding infected with Infected with Round Rutte Infected with infected with in all fish

collected collected mortalities R.salmoninarum R. salmoninarum Hatchery R. Salmoninarum? R. salmoninarum collected
May 20 91 3 1 33 88 7 8 8
27 81 6 1 17 75 13 17 14
June 3 75 8 1 13 67 12 18 12
10 53 1 0 0 52 0 0 0
17 65 36 29 81 29 28 96 57
24 130 21 5 24 109 4 4 7
July 1 113 24 8 33 89 13 15 18
15 141 46 16 35 95 1 12
29 68 33 20 61 35 0 0 29
Aug. 12 109 36 8 22 73 1 1 8
26 34 20 6 30 14 7 50 21
Sept. 8 112 39 17 44 73 3 4 17
Totals 1072 273 112 41.0 799 89 11.1 18.8

1. Held in 3-ft. circular tanks at a constant water temperature of 10°C.

2. All fish alive at termination were examined by FAT for Renibacterium salmoninarum.




Table 10. Prevalence of Renibacterium salmoninarum in chinook salmon (Oncorhynchus tshawytscha) smolts purse seined from the Columbia
River (RKm75) and held 180 days at Round Butte Hatchery Isolation Facilityl.

Survivors Number Percent
Mortalities Percent after 180 survivors survivors Prevalence
infected mortalities days infected infected of R.
Date with infected with holding at with with salmoninarum
collected Number Holding R. salmonin- R. selmonin- Round Butte R. salmon- R. salmon- in all fish
(1983) collected mortalities arum arum Hatchery inarun inarum collected
May 20 9 5 3 60 4 0 0 33
27 37 6 5 83 31 1 3 16
June 10 58 17 7 41 41 5 12 21
17 47 18 8 44 29 5 17 28
24 98 25 9 36 73 27 37 37
July 1 128 46 17 37 82 3 4 16
15 43 38 27 71 5 1 20 65
29 47 33 6 18 14 0 0 13
Aug. 12 47 45 5 11 2 0 0 11
26 21 18 6 33 3 0 0 29
Sept. 8 14 12 4 33 2 0 0 28
Totals 549 263 97 36.9 286 42 14.7 25.3

1. Held in 3-ft. circular tanks at a constant water temperature of 10°C.

2. All fish alive at termination were examined by FAT for Renibacterium salmoninarum.
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Table 11. Prevalence of Renibacteruim salmoninarum in coho salmon (Oncorhynchus kisutch) smolts purse seined from the Columbia River
(RKm75) and held 180 days at Round Butte Hatchery Isolation Facility .

Survivors Number Percent
Mortalities Percent after 180 survivors survivors Prevalence
infected mortalities days infected infected of R.
Date with infected with holding at with with salmoninarum
collected Number Holding R. salmonin- R. salmonin- Round Rutte R. salmon- R. salmon- in all fish
(1983) collected mortalities arum arum Hatchery inarum? inarum collected
May 20 82 13 8 10 69 4 6 15
27 38 4 3 8 34 4 12 18
June 3 23 1 1 4 22 0 4
10 5 4 3 60 1 0 0 60
17 15 2 2 13 13 4 31 40
24 12 2 1 8 10 0 0 8
July 1 1 0 0 1 0 0
15 1 0 0 0 1 0 0 0
Aug. 26 2 0 0 0 2 0 0 0
Totals 179 26 18 69.2 153 12 7.8 16.8

1. Held in 3-ft. circular tanks at a constant water temperature of 10°C.

2. All fish alive at termination were examined by FAT for Renihacterium salmoninarum.
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Table 12. Prevalence of Renibacterium salmoninarum in steelhead trout (Salmo gairdneri) smolts purse seined from the Columbia River
(RKm75) and held 180 days at Round Rutte Hatchery Isolation Facilityl.

Survivors Number Percent
Mortalities Percent after 180 survivors survivors Prevalence
infected mortalities days infected infected of R.
Date with infected with holding at with with salmoninarum
collected Number Holding R. salmonin- R. salmonin- Round Butte R. salmon- R. salmon- in all fish
(1983) collected mortalities arum arum Hatchery inarum? inarum collected
May 20 11 5 3 60 6 0 0 27
27 13 4 4 100 9 0 0 31
June 3 45 13 7 54 32 0 0 16
10 4 2 2 100 2 0 0 50
24 1 1 0 0 0 0
July 1 1 1 1 100 0 100
Totals 75 26 17 65.4 49 0 0 22.7

1. Held in 3-ft. circular tanks at a constant water temperature of 10°C.

2. All fish alive at termination were examined by FAT for Renibacteriun salmoninarum.




stock. Both ocean and Col umbia River iuvenile sanples indicate R

sal noni narum is w despread in many sal nonid popul ations. Al so the disease

pat hol ogy often seen in ocean caught juveniles and the BKD nortality
associated with holding Columbia River smlts reinforces the inportant

economi ¢ inmpact of this disease on Col unbia River Basin salmonid stocks.

Transni ssion of Reni bacteri um sal noni narum

Egg washi ngs and ki dney snears were collected fromindividual spawning
adult spring chinook sal non at Round Butte Hatchery (RBH) during 1983 and 1984
(Table 13). The sanples collected in 1984 were from fish which had received a
single intraperitoneal injection of erythromycin (5 ng/lb) 30 days prior to
spawni ng.  This probably accounts for the reduced detection of R

sal moni narum however, conbining results from the kidney smears and egg

washi ngs woul d give a higher 36% figure (21 of 59). It should be noted that
smears were also made from spleens of 20 of these fish. In these sanples the
bacterium was nore common (12 of 20 or 60%, suggesting the spleen should be
consi dered when examining for BKD in antibiotic treated fish.

Fertilized eggs from parents with BKD were incubated at the OSLJ-FDL.
Exami nation by G amstain of cryostat sections (16 wm thick) from sanples of
these eggs revealed the presence of bacteria with identical norphology as R

sal moni narum on or in the egg wall. Additional sections examned by FAT

further supported the presence of R salnoninarum at these l|ocations. Evelyn

et al. (1984) recently suggested that the pathogen is in the yolk of
unfertilized water-hardened eggs, our observations extend these results by
indicating the bacteriumcan still be found in fertilized eggs exanmined just

prior to hatching after one month of incubation.
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Table 13. Renibacterium salmoninarum in egg washings and kidney smears from spawning adult spring
chinook salmon (Oncorhynchus tshawytscha) at Round Butte Hatchery.

Egg Washings Kidney Smears
Number Percent Number Percent
positive positive positive positive
for for for for
Number R. salmon- R. salmon- Number R. salmon- R. salmon-
Examined inarum? inarum examined inarum? inarum
1983
Second egg take 20 16 80 20 10 50
Third egg take 30 22 73 30 16 53
1984
First egg take 60 13 22 59 13 22

1. All samples were examined by FAT for Renibacterium salmoninarum.
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Monocl onal Anti bodi es

Ei ght fusions were done using |ynphocytes frommce i munized with these

different strains of R salnmoninarum Hybridomas from fusions 2, 3 and 4 were

| ost because of bacterial contamnation. Using indirect ELISA 26% of the

hybridomas tested were positive for anti-R_ sal noninarum antibody production

(Table 14). O these, 22 were expanded for storage and/or cloned.

A mgj or advantage of hybridona production is the generation of a
continuous source of honbgeneous antibodies to a single antigenic
det erm nant. It has been shown by this study that the production of

monocl onal antibodies to R salnoninarum is possible. These antibodies wll

be used to detect differences in antigenic conposition of R sal moni narum

strains. Hybridomas will later be injected into mce to produce ascites fluid

contai ning nonocl onal antibodies against R salnmoninarum providing a source

of honpbgeneous antibody for inmunodi agnostic techniques.

ELI SA

Positive hybridomas were identified using the indirect ELISA described by
Voller et al. (1979). However, results were inconsistent and of linmted
sensitivity. Mndallal et al. (1984) conpared different ELISA procedures and
found a greater nunber of hybridomas coul d be detected using the double-
sandwi ch nmethod. This method was tested and conpared to other assay
procedures. The titer detected in serum froma nmouse inmunized with R

sal moni narum was 2-4 times the titer detected by nicroagglutination or

indirect ELISA (Table 15). This nethod will be nmodified and tested to

determne whether R sal noni narum antibody can be detected in fish serum and
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Table 14. Summary of antibody producing hybridomas to Renibacterium
salmoninarum

Number of Nunber Nunber Nunber

Fusion hybridomas positive hybridomas clones
number Antigen tested hybridomas stored obtained

1 Lea-1-74 9 1 1 4

5 K-50 112 34 5 1

6 RB-1-73 143 24 5 1

7 Lea-1 -74 158 56 5 1

1

8 RB-1-73 81 6 6 -

1. Serum lot tested inadequate to support clone development.
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Table 15. Comparison of Renibacterium salmoninarum antibody titers using
three assay methods.

Method of Mouse serum titer detectedt
assay Mouse A Mouse B
Microagqglut inat ion 400 200
Indirect ELISA 400 400
Double Sandwich ELISA 1600 800

1. Titers were deternined from duplicate samples at each

dilution.
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may provide an inproved inmunodiagnostic technique for detection of R

sal moni narum i nf ecti ons.
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I nfectious Hematopoietic Necrosis Virus

Anot her nontreatabl e disease which occurs among Col unbia River Basin
salnonids is infectious hematopoietic necrosis virus (IH\NV). This vira
di sease was once confined to |imted |locations within the basin, but has
recently becone nore wi despread and has been responsible for devastating
| osses anpbng chinook salrmon and steelhead trout (G oberg and Fryer, 1983).

The magnitude of the problem caused by IHNV has increased and effective
control of this disease has become tantanount to the successful propagation of
anadromous fish at several Colunbia River Basin hatcheries.

Because there are no efficacious chenotherapeutants or anti-IH\V drugs,
managenment techni ques which use nethods of avoidance of the virus have been
attenpted for its control. Methods of avoidance that have been enployed are
the use of virus-free water for the rearing of fish or the propagation of eggs
known to be fromvirus-free adults. The effectiveness of each of these
met hods has been equivocal and would be better understood if the method(s) of
virus transmssion were defined. There are reports which indicate IH\V can be
transmtted either vertically and/or horizontally (Pilcher and Fryer, 1980;

Mul cahy et al., 1982). Infections in the |aboratory using water borne
chal | enges (horizontal transmi ssion) are easily acconplished in salnonid
alevins. Vertical transmission has not been definitively denpnstrated under

| aboratory conditions and although there are nany enperical observations, the
role of horizontal and vertical transnission of IH\V under natural conditions
has not been detern ned. If the virus is transmtted vertically, the
propagation of eggs fromvirus-free adults is a managenent technique which
could be used to control IHW. However if IHNV infects fish through the

water, control of the disease is dependent on the use of virus-free water for
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egg and fish propagation. If both vertical and horizontal transm ssion
occurs, both types of control neasures may be necessary.

Studi es under controlled laboratory conditions in conjunction with large
scal e experinentation are necessary to define the node of virus transnission
and to accurately evaluate the method(s) of disease control. At RBH, [H\V was
first detected in 1973. Since that tine, attenpts have been made to gain a
better understanding of the etiological agent and the disease it causes.
Al'though detailed studies have not been possible, some data concerning the
incidence of IHNV in spawning adults and subsequent outbreaks of the disease
are available (Table 16). Because of these data and because of the physica
facilities of RBH, this site offers an opportunity for a concerted effort to
determine the role both vertical and horizontal transmission play in |H\V

infections and to determ ne nethods for their control

Materials and Met hods

Virus Propagation and Detection

Chi nook sal non enbryo (CHSE-214) and epithelioma papillosum cyprini (EPC)
cell lines were continuously cultured in Eagle's mnimm essential medium
(MEM supplenented with fetal calf serum (10%, NaHC3 (0.075%, penicillin
(100 i.u./m) and streptonycin (100 wg/ml). The EPC MM growth medi um was
also buffered with Tris-hydrochloride (Signa). Gowh tenperatures were 16°C
for CHSE-214 cells and 22°C for EPC cells.

Pl aque assay procedures were simlar to Burke and Mil cahy (1980). Assays
were perfornmed using confluent EPC cell nonolayers grown in either 2.0 or

4.5 cn? tissue culture nulti-well plates (Linbro). Sanples were filter
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Table 16. Detectlon of Infectious Hematopoletic Necrosis Virus in adult
summer steelhead trout (Salmo gairdneri) and epizootics in fry at
Round Butte Hatchery, 1975-1983.

IHNV in Brood Epizootics Groups Total fry
Year (Percent positive) in fry lost/total loss
1975 Negative Yes 2/5 550,000
1976 Positive Yes 1/4 182,000
1977 30 No
1978 Positive Yes 4/6 425,000
1979 21 No
1980 44 Yes 5/16 144,000
1981 50 No
1982 0 Yes 10/16 400,0001
1983 512 Yes 2/24 90,000

1. An additional 70,000 fingerlings were kept even though IHNV was
diagnosed.

2. Combined carrier rate of males and females tested.



sterilized (0.2 wm acrodisc, GCelman) diluted in either MEM (w thout fetal calf
serum) or Hank's balanced salt solution (HBSS). Duplicate sanples (0.05-0.1
m) of each of the 100-10-2 dilutions were pl aced on nonol ayers in individual
wells and allowed to adsorb for 60 minutes. Sanple inoculum was renoved from
the wells after adsorption and |-1.5 m of overlay nedi umcontaining 0.75-1%
met hyl -cel | ul ose dissolved in double strength MEM (without fetal calf serum
was added. Fol | owi ng seven days of incubation at 16°C cells were fixed with
formalin and stained with 1%crystal violet solution. Plaques were counted
using a dissecting nicroscope at 10% magnification.

Ovarian and seminal fluids and tissue from the spleen were collected from
spawni ng steelhead trout at RBH and held at 4°C while transported to the
| aboratory. Ovarian fluids were inoculated directly onto the cells. Sem nal
fluids were centrifuged at 2000 x g for 10 ninutes at 4°C to separate the
supernatant from the sperm cells and the supernatant was then inocul ated
directly onto the cells. Tissue sanples were weighed and diluted (wv) 1:10
with HBSS and honpgenized with a stomacher (Tekmar). The tissue honpbgenate
was centrifuged at 2000 x g for 10 mnutes at 4°C and supernatant fluid
inoculated onto cells. Al sanples were stored at 4°C

Initial gamete storage trials were conducted with 1983 brood spring
chinook salmon at RBH It was found that by placing eggs and spermin
separate plastic bags, inflating the bags with oxygen, and placing themat 4°C
for up to six days prior to fertilization, survival to hatching (86.1% was

simlar to production eggs (88.19% fertilized at spawning (B. Nyara, personal

communi cati on).
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Concentration of IHNV from Water

Tangential flow filtration was evaluated as a nethod to concentrate |HNV
fromwater systenms. Procedures followed were fromthe MIlipore Corporation,
Virus Concentration Manual (1980). The Pellicon cassette system used had a
menbr ane excl usion size of 100,000 nol ecul ar wei ght.

Ten liter volunes of OSU-FDL water were held for at |east 12 hours at 4°C
before seeding with IHNV. Virus seeded water was treated by several nethods
prior to filtration: 1) stirred slowy for two hours before filtration, 2)
imredi ately filtered, or 3) heat-inactivated fetal calf serum (1% Hyclone)
was added one hour prior to virus addition and filtration. \Water seeded with
virus was kept in an ice bath throughout each filtration period. Sanples of
the retentate, filtrate and backflushes were collected and virus recovery

det er m ned.

Fish Egg Inocul ations

Unfertilized eggs from spawni ng | H\V-negative rai nbow trout were injected
(0.01 M) with a viral suspension containing 1 x 104 pl aque forming units
(PFU) per egg. After injection the eggs were kept on a screened tray in
flowing 12°C water at the OSU-FDL. Daily, five eggs were individually sanpled
for 10 days then on alternate days for 10 additional days to determne the
survival of IHNV. The eggs sanpled were weighed and honogenized 1.10 (W V) in
HBSS. Each honogenate was centrifuged and the supernatant inoculated onto EPC
cells. After a six day incubation at 16°C, the cells were fixed and stained
and the plaques counted. A control group of eggs were injected with MEM only

and handled in the same nmanner as those in the experinmental group.
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Fertilized steelhead trout eggs were injected with virus suspensions
contai ning known concentrations of IH\NV on days 18, 20, 22 and 24 of enbryonic
devel opment.  These eggs were allowed to hatch and any nortality after
hat ching was examined for signs of IHNV disease. Dead fry were also weighed,
processed and assayed to determine if the virus survived and replicated after

i njection.

Design of IH\NV Transnission Studies at RBH

Utraviolet (W) sterilization equipment (nodel 120, U travi ol et
Technol ogy, San Marcos, CA) was installed at RBH on a portion of the egg
i ncubation water and on water supplying 16, 6-ft circular tanks used for
rearing fingerlings. Based on manufacturers specifications and the flow rate
used, the estimated mininum dosage of W irradiation was 40,000 u watt seconds
per square centineter. This level was nmaintained while the eggs and yol k-sac
fry were in the incubation trays. After the fry were transferred to the 6-ft
circular tanks those from the high and no-titer IHNV crosses were placed in
water treated with UV at this sane level, while the eight control groups of
fry used to test horizontal transmission of IH\V were placed in water treated
at 80,000 u watt seconds per square centinmeter.

The purpose of this two-part study was to determine if IHNV which has
caused epizootics in steel head trout at RBH since 1975 (Table 16), is
introduced via the water supply (horizontal transmission) or is transmtted
fromthe adults (vertical transmssion) or if both routes of transm ssion

occur. This virus is found in kokanee sal mon (Oncorhynchus nerka) in the

reservoir above the hatchery and in adult spring chinook salmon and steel head

trout returning to the hatchery.
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In the experinent to test horizontal transmission of IH\ (Appendix A,
tissue and sex fluid sanples were taken from 160 individual steelhead trout
(80 nales and 80 females) divided into 10, 16 fish pools. Eggs and sperm from
fish in eight of these pools were then divided into two subgroups. One
subgroup was fertilized, water-hardened, incubated and reared in W treated
water and the other subgroup received untreated hatchery water for each of
these steps. This procedure was repeated so eight paired subgroups from the
same adults were reared. After hatching, the fish were noved to 16, 6-ft
circular tanks (eight groups continued on W treated water and eight continued
on non-treated water) until they reached 3-5 grans in size. Then all
i ndividual groups, totaling 237,000 fish, were conbined and rel eased.

The second portion of the IHNV study at RBH was designed to test vertical
transmi ssion of the disease (Appendix A). Sex products fromall adult
steel head trout spawned were stored separately in plastic bags and placed at
4°Cuntil virus tests were conpleted. Selected crosses were then nmade with
ganetes fromhigh-titer IH\W positive parents and no-titer |HNV negative
parents. These crosses resulted in eight groups each containing gametes from
eight females and three males. At the time of crossing, sex fluids were
collected to determine the virus titer of the pooled groups and to ensure that
after the nine day storage period IH\V positive groups were still positive and
negative groups were still negative. Al water used throughout this
experiment fromfertilization to rearing was treated with W light. After
hatching, fry fromIHNV positive parents were reared in 4, 6-ft circular tanks
and those from | H\V negative parents in four additional tanks. At the 1.5 to
2.0 gramsize, the 64,000 fish fromthe high-titer IH\V positive parents were
destroyed and the 64,000 fish fromthe no-titer |H\NV negative parents were

rel eased.
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Eggs taken from high-titer IHNV positive parents and no-titer |HNV
negative parents at RBH were also held at the OSU-FDL and fertilized and
wat er - hardened in a virus suspension contai ning 10° PFU M. A portion of
these eggs were disinfected with iodophor (100 ppm for 15 minutes) after water
hardening. These groups were incubated, sanpled, and hatched at the OSU FDL
to determine if virus survives on the egg and if progeny becone infected with

[ H\V.

Results and Di scussion

Recovery of IHNV by Ml ecular Filtration

Initial attenpts to recover known amounts of IHNV from seeded OSU- FDL
water using the MIlipore Pellicon cassette systemwith a 100,000 nom nal
mol ecul ar weight limt were disappointing. Virus recoveries from seeded water
sanples after 44 to 230-fold concentrations (Runs I-7) ranged from O to 21%
(Table 17). Results of plaque assays perforned on samples collected prior to
Eiltration (Runs 1-3) suggested that large quantities of IH\W were lost while
stirring; however, immediate filtration after virus addition (Runs 4-7) failed
to inmprove recovery (Table 17). These results indicated need for addition of
a stabilizing agent to the water before filtration.

Mathes et al. (1977) and Gangem et al. (1977) have reported over 90%
recovery by molecular filtration of feline |eukema virus and arenaviruses,
respectively, fromtissue culture fluid containing fetal calf serum Al so,
Berman et al. (1980) by menbrane pretreatment with floccul ated beef extract
greatly inproved recovery of poliovirus from distilled water sanples.

Suppl enent ati on of the seeded water with 1%fetal calf serum (Run 8, 118-fold
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Table 17. Recovery of virus from water seeded with a known concentration of Infectious Hematopoietic Necrosis Virus.

Filtration run Concentration of Final virus Retentate Infective Percent
and virus seeded in concentration volume particles in virus recovery
Handling water (PFU)l (PFU/mI) (mls) retentate
(PFU) Retentate Filtrate

Stirred 2 hours

! 2.9 x 10° 2.9 x 10° 120 6.0 x 108 21 2
2 2.0 x 10° 2.0 x 10° 185 0 a a
3 1.93 x 109 1.93 x 10° 225 1.04 x 108 5 <

Filtered Immediately

4 1.65 x 10° 1.65 x 10° 170 1.97 x 108 12

X <1

5 1.2 x 10° 1.2 K 10° 140 1.34 x 108 11 a

6 1.1 x 103 1.1 x 1072 140 0 a a

7 1.26 x 108 1.26 1 102 130 0 < <
1% serum added

B 1.96 ¢ 108 1.96 x 102 85 1.25 x 108 67 a

1. All volumes filtered were 10 liters except filtration run number seven which was 30 liters.

2. No sample was collected.
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concentration) resulted in a greater than three-fold increase in virus
recovery over the best previously observed (Table 17). We do not know whether
fetal calf serum stabilized the virus or blocked virus adsorption sites in the
membrane. Still some 307% of the virus was unaécounted for and not present in
the filtrate. Further development of procedures to stabilize the virus and/or
to prevent virus adsorption to the membrane should enable additional

improvements in recovery.

Survival of IHNV in Fish Eggs

Injected THNV survived for over two weeks in unfertilized rainbow trout
eggs. During this period the virus titer decreased at a slow but steady rate
from 5 x 10% PFU's/egg on day one to 1.7 x 103 PFU's/egg on day 16 (Figure
1). Viral plaques was still detected from eggs sampled on days 18 and 20;
however, the numbers were no longer statistically significant.

In comparison to the gradual decline of IHNV in unfertilized eggs the
data from the injection of eyed eggs show not only survival but replication
(Table 18). Signs of IHNV disease were not seen in the fry, perhaps, because
few survived for longer than one week after hatching; however, virus titers
often several logs higher than in the original inoculum, indicated rapid viral
replication and disease development.

Steelhead trout eggs from RBH were incubated at the OSU-FDL and sampled
daily for IHNV. One egg sampled on day 16 from the group with high-titer IHNV
parents was positive for the virus. The results from egg inoculations plus
the detection of IHNV associated with an egg from known positive parents
suggest vertical transmission; however, the finding of only one PFU (24 x 102

virus particles) from a single egg indicates it is an uncommon event.,
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Figure . Virus recovered from unfertilized rainbow trout eggs, injected
with infectious hematopoietic necrosis virus.
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Table 18. Infectious Hematopoietic Necrosis Virus recovered from steelhead
trout (Salmo gairdneri) frythat hatched from eggs injected with
virus on days 18, 20 and 22 of embryonic development.
Inoculum virus titer:
Day 18 - 1.90 x 10% PFUleqqg
Day 20 - 2.33 x 10% PFU/egg
Day 22 - 4.20 x 10% PFU/egg
Mortalities Day 18 Day 20 Day 22
Sampled Virus Titer Virus Titer Virus Titer
1 >4 x 10° 7.2 x 104 <400
2 1.3 x 104 <400t <400
3 >4 x 10° 5.4 x 10° >4.0 x 10°
4 9.2 x 10’ >4.0 x 10° 1.4 x 108
5 1.7 x 109 1.1 x 107 <400
6 <400 1.2 x 107
7 3.6 x 108 4.6 x 105
8 >4.0 x 10° >4 x 10°
9 >4.0 x 10° <400
10 >4.0 x 10° >4.0 x 10°
11 >4.0 x 10° >4.0 x 10°
12 >4.0 x 10° >4.0 x 10°
13 >4.0 x 10°
14 >4.0 x 105
15 >4.0 x 105
1. This value represents the minimum number of virus particles that must be

present in the sample for the detection of one PFU.
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Transm ssion of |HNV at RBH

Adult steel head trout fromthe first spawning at RBH had a | H\NV carrier
rate of 54%in the females and 29% in the males. In the second spawning the
carrier rate was 21% in the males and 60% in the females. Results of the
vertical transm ssion experinent in which none of the eight groups (four high-
titer groups and for no-titer groups) on WV treated water devel oped | HNV
di sease, indicate vertical transmission did not occur. However, conparing
these results with the production lots, in which two of the eight groups
receiving W treated water developed the disease, further suggests that
vertical transnmission may represent a random and infrequent event.

A surprising and potentially very significant observation that could
cause extensive nodification of sanpling procedures for |HNV, was made when
crossing the selected positive and negative ganmetes stored for nine days at
4°C. Results fromthese pool ed sanples showed increased titers in three of
the four positive groups, but nost inportantly |HNV was now detectable in
groups E-H, groups in which the virus had not been detected at spawning (Table
19).

Conparing the mean IHNV titers of female ganetes at spawning with those
after pooling show a doubling in titer for sanples From group D and | og
increases for groups A and B. The group C titer had decreased by nore than a
log. Fromone to three logs of virus was detectable in Goups E-H conpared to
their initial negative or no-titer status. Seminal fluid sanples from all
ei ght groups displayed no differences between sanplings (Table 19).

The detection of IH\V after storage of ovarian fluid was repeated two

nore times with steelhead trout from RBH. In a second experinment, ovarian
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Table 19. Infectious Hematopoietic Necrosis Virus titers of sex fluids from
steelhead trout (Salmo gairdneri) parents and titers in these sex
fluids when pooled after being stored separately for nine days at 4°C.

Ovarian Fluid Ovarian Fluid Seminal Fluid Seminal Fluid
Group Mean Titerl Pooled Titer Mean Titer2 Pooled Titer
A 2.01 x 108 211 x 107 1.37 x 103 5.1 x 103
B 1.35 x 108 4.92 x 107 1.47 x 103 1.9 x 102
c 7.35 x 108 6.5 x 10° 8.0 x 10t 1.4 x 102
D 2.82 x 108 4.16 x 108 7.0 x 10! 5.0 x 10t
E 0 1.0 x 10! 0 0
F 0 2.3 x 103 0 0
G 0 1.2 x 102 0 0
H 0 1.3 x 102 0 0

1. Mean titer of eight parental fish.

2. Mean titer of three parental fish.
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fluid sanples were taken and assayed for |HNV beginning at day 0 and
continuing through day 18 with a two day sanpling interval. Results showed
lowtiter ovarian fluid sanples increasing in titer and also initial no-titer
sanpl es developing lowtiters. These results suggest the presence of an
interfering agent,perhaps anti-IH\V antibody in the ovarian fluid initially
neutralizes any IHNV present but with storage the reaction is reversed and

virus released.
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Fi sh Di sease Dat abase

Col unbia River Basin fish pathologists have been contacted and from their
recomrendations a fish examination report (Appendix B) has been formulated and
made available to fish health managers in each of the cooperating agencies.
The information collected will be conputerized and stored so it can be readily
retrieved as required. This information will be used to publish periodic

epi demi ol ogi cal reports similar to those used for human and veterinary

medi ci ne.
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SUMVARY AND CONCLUSI ONS

During fiscal year 1983, Bonneville Power Adm nistration funded a study
concerning the epidenmology and control of three infectious diseases of
salnonids in the Colunbia River Basin. These serious fish pathogens are:

Ceratonyxa Shasta, the causative agent of ceratonyxosis, Renibacterium

sal noni narum the causative agent of bacterial kidney disease and the viral

di sease agent Infectious Hematopoietic Necrosis Virus.

Cer at onyxa shasta

The presence of ceratonyxosis in rainbow trout exposed at MNary Damin
1983 and 1984, and at Little Goose Dam in 1984 extends the range of this
di sease about 200 nmiles upriver and into the Snake River drainage. Prior to
our observations the infectious stage of C. shasta was believed to enter the
Col unbia River from the Deschutes River. These results mean upriver salnonids
are exposed to this disease agent for a nuch longer period than previously
bel i eved.

There is no effective therapy for ceratonyxosis, but there is
consi derabl e evidence the disease can be controlled using C. shasta resistant
stocks of sal nonids. Four stocks of wupriver chinook sal mn the Carson,
I maha, Lookingglass and upriver brights and one stock of upriver steelhead
fromthe I maha all proved highly resistant (<2% after a five day exposure to
the infective stage of C. shasta. The other upriver steel head stock from the
Vl | owa River was nore susceptible (11%.

To deternmine the inpact of ceratonyxosis on anadrompus snolts entering

salt water they were collected periodically by beach and purse seine fromthe
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| oner Col unbia River (RKn75) between May 20 and Septenber 8, 1983. N ne
percent of the beach seined chinook salmn and 11, 5 and 12 percent,
respectively, of the purse seined chinook and coho salmon and steel head trout
were infected. The chinook salnon and steel head trout purse seined from the
| ower Colunbia River were primarily yearlings, many of which would have cone
from upriver locations. The 11 and 12% infection rates in these fish suggests
that with prol onged exposure to the infective stage of C. shasta even
resistant stocks will become infected. Mgration fromULittle Goose Dam to the
Colunbia River bar requires at least 20 days. Qur experinments have also
i ndi cated ceratonyxosis progresses in salt water at the same rate as in fresh
water once the fish has becone infected. These observations nean that
approxi mately 10% of the salnonids entering the estuary after mgrating down
the Colunbia Rver are infected with C. shasta and that once infected these
fish will probably continue to die after entering the ocean.

Attenpts to transnit ceratonyxosis to susceptible fish by exposing them
to Tubifex were unsuccessful suggesting this oligochaete does not play the
same role in the life cycle of C. shasta as proposed for the life cycle of

Myxosoma cerebralis.

Reni bact eri um sal noni narum

Since sampling began in 1981, kidney smears positive for R sal moni narum

have been obtai ned from seven sal nonid speci es caught in the open ocean off
the coasts of Oegon and Washington. The bacterium has been found primarily
in chinook salnon (119% with lesions in 2.5% of these fish. Significant

| evel s of R sal noninarum were also detected in snolts seined from the

Col unbia River just before entering the estuary. These observations further
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denmonstrate the econonic inpact of this disease on Colunbia River salnonids
stocks.  The capture of clinically diseased fish in the open ocean is a rare

event, and the presence of R sal noninarum caused lesions in these fish is

especially valuable information, indicating the existence of an ongoing open
ocean epi zooti c.

Examinations by Gam stain and the fluorescent antibody test of cryostat
sectioned fertilized eggs from bacterial kidney disease infected parents
reveal ed the presence of fluorescing bacteria with identical norphology as R

sal moninarumon or in the egg wall. These observations by indicating the

bacterium can still be found in fertilized eggs after one nonth of incubation

further denmobnstrate this disease is vertically transmtted.

I nfectious Henmatopoietic Necrosis Virus

Recovery of IHNV from seeded water sanples denmonstrated that nolecul ar
filtration could be used to analyze hatchery water supplies for the presence
of this virus.

Injected IHNV survived for over two weeks without replication in
unfertilized eggs; whereas, in eyed eggs the virus not only survived but
replicated and caused deaths among fry that hatched from these eggs.

Carrier rates of IHNV in steelhead trout spawned at Round Butte Hatchery
ranged from54-60%in fenales and 21-29% in nales. In the transm ssion
experiments at Round Butte Hatchery, IHNV occurred in two of the eight groups
receiving LJV treated water and was not detected in any of the high-titer or
no-titer crosses. However the virus was detected in one egg from high-titer
parents after 16 days of incubation. These results suggest that vertical

transmission of IHNV, if it occurs, is a very infrequent and rare event.
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On three occasions |H\NV was detected in ovarian fluid sanples after
storage for six to nine days at 4°C. No virus had been detected in these
sanpl es when collected at spawning. This suggests the presence of an
interfering substance, perhaps anti-IHNV antibody, in the ovarian fluid.
Routine sampling for IHNV requires the processing of tissues and sex fluids
taken at spawning; however, if interfering substances are present as suggested
by these experiments then the virus would not be detected. These findings
raise the possibility that IHNV is nmuch nmore w despread than previously
thought and al so that sanpling procedures for this virus will require major

nodi fi cations.
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APPENDI X A

FLOW SHEETS OF ROUND BUTTE

HATCHERY | HNV EXPERI MENTS

63



PRODUCTION CROSSES/HORIZONTAL TRANSMISSION

* HORIZONTAL TRANSMISSION = INFECTION VIA THE WATER SUPPLY
S
S
(160 FISH)
SPAWN IN 16 FISH SAMPLE IN INDIVIDUAL FISH
POOLS
DIVIDE INTO TWO SUBGROUPS TISSUE AND SEX FLUID SAMPLES
FERTILIZE, WATER HARDEN, DIAGNOSTIC TESTS
AND INCUBATE
UV TREATED WATER REGULAR HATCHERY % POSITIVE FOR IHNV
WATER
- 54
. +
TOTAL OF EIGHT PAIRED -‘7] 29

SUB-GROUPS

¢ EXPECTED BENEFIT: EFFECTIVENESS OF U.V. STERILIZATION ON REGULAR
HATCHERY PRODUCTION AT A KNOWN POSITIVE IHNV FACILTY
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“CULL-OUT” CROSSES/VERTICAL TRANSMISSION
* VERTICAL TRANSMISSION= INFECTION VIA ADULT TO PROGENY

? x &

(217 FSH)
SPAWN INDMDUAL Wﬁ INDMVIDUAL FISH
DMDE INTO TWO SUBGROUPS TISSUE & SEX FLUID SAMPLES
FERTILIZE, WATER—HARDEN
AND INCUBATE USING UV DIAGNOSTIC TESTS
TREATED WATER
\ 4
PARENTS (+) IHNV PARENTS (—) IHNV % POSITIVE FOR IHNV

N

FOUR REPUCATE GROUPS
OF EACH

Q 60
o7 21

EGGS TO OSU-FDL

HANDLE IN UV
TREATED WATER

EACH REPLICATE GOES INTO A SEPARATE INCUBATOR
STACK SUPPLIED WITH UV TREATED WATER

LI

REAR FRY IN EIGHT SEPARATE 6 FT. CIRCULAR
TANKS ALL SUPPLIED WITH UV TREATED WATER

*NO CROSS TANK CONTAMINATION

sEXPECTED BENEFIT: DETERMINATION OF EXISTENCE
OF VERTICAL TRANSMISSION
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APPENDI X B

FI SH EXAM NATI ON REPORT
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I D No.

COLUMBI A RI VER BASI N
FI SH EXAM NATI ON REPORT

LOCATI ON OF SAMPLE COLLECTI ON:

ORGANI ZATI ON:

EXAM NATI ON DATE(S) :

SPECI ES: STOCK:

BROOD YEAR FI SH Sl ZE( GRAMS) :

TYPE OF EXAM NATI ON: ROUTI NE DI AGNCsI S PRELI B
CERTI FI CATI ON OTHER( PLEASE SPECI FY)

MORTALI TY: NORVAL | NCREASED EPI ZOOTI C

I NCI DENCE OF DI SEASE: PERCENT OF | NClI DENCE

LOW MODERATE H GH

| F PERCENT OF | NCI DENCE: NUMBER OF FI SH SAMPLED

NUMBER OF DEAD FI SH

METHOD OF ESTI MATI NG | NCI DENCE

REMARKS:

PATHOLOG ST(S) :

DATE EXAM NATI ON COVPLETED:
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PATHOGEN EXAM NATI ON: (pl ease indicate only those pathogens specificallyassayed)

Resul ts Resul ts
: + - Parasitic and
Bacterial Pathogens Fungal Pat hogens +
B

Aeromonas Sp................ I B
rllq_m’r'ac;oens ............. ___1}___: Ceratonyxa Shasta........ N I
A SalmonNiClda . - eevveeeeeenn R Chloronyxum majori = | -
Bacterial GII Disease...... § I gbl Wg;]grré """"""""
CYtOphaga pSyCthphila- eeveel __1__. E ................. A B
Edwardsiella tarda.......... S p— Stla....ooovvnennnnn, 11
Flexibacter columnariS...... ] ayptobia................ 1
Mycobacterium spe.esescecesel 4 ] Der mocystidium........... 11
Renibacterium salmoninarum..l__J|__] E‘ p! ?Slt onul um spat haceum .|}
Yersinia ruckerieeecese....ol__f__ | gls ylrs. ..o 1 1 ]
Vibrio anguillarum..........0__}1___ Xterna Fungus .......... BN [
V. ordalit...... TYPSOENPRS: S G| jAmoeba
QG her(please specify)....... o R I e e 1
P P Y) Henneguya ................ B I
xamta................. N I
[chthyophthirius......... N I
Internal Fungus .......... S IR
Myxidium mnteri......... N I .
Myxobol us 1 nsidiosus..... B I
M Kisutchi............... B I
Myxosoma cerebralis...... | ___| o
M sg}uamal I J
Resul ts Nanophyetus sal mncol a. . ... ]
\/i ral Pat ho ens + - NeaSCUS .................. ) I I
g Piscicola................. ]
——— PKD. . ................. ] .
| HN Virus 1 Plistophora............... g I —
IPN Virus................... i 2ANQUINICOA ... ... 1
oM Vi rUS( OVV) """""""" N SCh!%hl da ................ 2 I
VEN Virus................... ——t-- SLCAOCLTR: e 11
VHS virus.................... —t - Trichophrya.........c....: R B
Gt her (please specify)...... — Other (please specify)....l | |

**********G:)Tl G\IAL DATA**********

WATER TEMPERATURE (°C) _____ DIET

LBFEEDGPM FLOW GPM LB FI SH GPM
POND TYPE POND VOLUVE LB FI SH FT3
DENSI TY | NDEX REUSE % REUSE TYPE _
DATE LAST HANDLED WATER SOURCE
DI SEASE SIGNS: |NTERNAL
EXTERNAL
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